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ABSTRACT 
This paper reports on the fine structure of rat oocytes at stages before ovula- 
tion,  during  maturation,  fertilization,  and  early  cleavage.  The  study  includes 
parallel observations on light and electron microscope preparations with attempted 
correlations. 
The follicular cells of the ovarian egg are described as sending long processes 
through the zona pellucida to the egg surface where they mingle with thin projec- 
tions from the egg itself. No open communication between follicle cell cytoplasm 
and egg cytoplasm was observed. During maturation and fertilization both types 
of processes are withdrawn from the zona. 
The germinal vesicle and later the pronuclei of the fertilized egg are character- 
ized by numerous large nucleoli. These have the form of thick walled vesicles with 
diameters as great as 8 to 10  /z. The wall is dense in the EM image and appears 
to consist in part of small granules. 
The cytoplasm shows several inclusions including mitochondria of usual form 
and a  Golgi component which has the typical fine structure and the distribution 
described by earlier light studies. Small dense particles, presumably RNP particles, 
are  distributed  throughout the cytoplasmic matrix and show no preference for 
membranes. The endoplasmic reticulum of the oocyte is represented by a scatter- 
ing only of vesicles, but begins a more extensive and elaborate development with 
the onset of segmentation. 
One inclusion of the ooplasm, similar in size to mitochondria, receives special 
attention. It is a vesicular structure, containing a large number of small vesicles 
(I0 to 50 m~ in diameter) and frequently a central density or nucleoid.  They are 
referred to as multivesicular bodies.  Such bodies are found in small number in the 
ovarian egg,  but increase greatly in number during maturation and fertilization. 
It appears from the micrographs of eggs in these latter stages that these vesicular 
bodies break down and liberate their content of small vesicles to the surrounding 
ooplasm. 
Comments are provided on the apparent significance of the various observations. 
INTRODUCTION 
Electron microscopy has made cytologists aware 
of  a  number  of  the  structural  features  of  cells 
which heretofore had been, at best, poorly resolved 
if not entirely unknown. This has naturally led to 
inquiries  into  the  function  of  the  structures  re- 
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vealed and  has  made  it important to  study  their 
comparative morphology in a  variety of cell types, 
for  from  information of  the latter  type  one often 
gathers clues to function. 
Particular  interest  centers  around  egg  cells 
because  of  the  possibility  that  higher  resolution 
will  uncover units or  systems of  structure  closely 
related  to  the  emergence  of  developmental  pat- 
terns and potencies.  It is recognized that the pro- 
cedures  of  experimental  embryology  exceed  the 
powers of any other procedure for revealing differ- 
ences  in  parts  of  the  germ  plasm.  However,  the 
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morphological basis for the differences, induced or 
otherwise,  which  find  expression  in  development 
have not been adequately explored at high resolu- 
tion.  Hence,  any  attempt  to  apply  electron  mi- 
croscopy  to  oocytes  of  any  kind  seems  likely  to 
prove rewarding. 
It was not expected that a  study of mammalian 
eggs,  such  as  that  undertaken  here,  would  ulti- 
mately lead to an elucidation of structural-develop- 
mental relationships,  because experimental studies 
on  the  early  development  of  this  material  are 
essentially  impossible.  We  can,  however,  safely 
assume  that  units  of  structure  important  in  de- 
velopment will appear  in  common  among a  wide 
variety of eggs and  that  the discovery of these in 
one will stimulate the search for homologous units 
in  others.  From  the  standpoint  of  electron  mi- 
croscopy  the  mammalian  ovum  is  particularly 
attractive  because  it  is  relatively  free  of  deuto- 
plasm and should show in reasonably high concen- 
trations  (because  of  the  egg's  small  size)  the 
morphological units  essential for the expression of 
the cell's biological destiny. 
Thus far several reports have appeared  on elec- 
tron  microscopy  of  eggs,  particularly  of  lower 
vertebrate  and  invertebrate  species,  for  example 
the  papers  of  Kemp  (26,  27)  and  Gall  (21)  on 
amphibian  oocytes,  Rebhun  (40)  and  Yasuzumi 
and  Tanaka  (52)  on snail  oocytes,  Afzelius (1,  2) 
on  sea  urchin's  eggs,  and  Sotelo  and  Trujillo- 
Cen6z (44) on spider oocytes. Mammalian oocytes 
and  ovulated  eggs  have  not  previously  been  re- 
ported  on,  possibly  because  they  are  somewhat 
difficult to obtain and handle. 1 
Excellent  light  microscope  observations  on 
mammalian  ova have,  however,  been  reported  in 
recent  years  and  the  sequence  of  events  taking 
place during  ovulation and  fertilization was  care- 
fully  studied  in  living eggs  by  Blandau  and  col- 
leagues  (7-9)  and  by  Austin  and  colleagues  (3, 
5,  6).  The  data  provided  by  these  authors  were 
used  not  only during  the  course  of  this  work for 
securing eggs at different stages but they were also 
i After this paper had been submitted for publication 
a  paper  on  "The fine  structure  of  the  oocyte in  the 
mouse  ovary  studied  with  electron  microscope,"  by 
Eichi Yamada,  Toyoko Muta,  Akira Motomura,  and 
Hidetoshi Koga,  The Kurume  Medical Journal,  1957, 
4,  148, came to our attention.  The reported  observa- 
tions on ovarian eggs duplicate those made in the pres- 
ent  study  on  rat  cells  of similar stage.  The Japanese 
authors did not examine ovulated or fertilized ova. 
helpful  for  interpreting  many  of  the  images  ob- 
tained. 
It  will  be  seen  that  the  information  gathered 
from  this  present  electron  microscope  study 
coincides  in  many  ways  with  the  early  optical 
observations  and  contributes  otherwise  to  an 
elucidation  of  the  structure  of  several  heretofore 
unrecognized  components  of  the  egg  cytoplasm. 
However,  as  this  is  a  study  limited  to  only  one 
animal  species,  and  even  for  this  single  species 
does not include all stages of growth and develop- 
ment,  no attempt  will be made  to draw  any  con- 
clusions  regarding  egg  organization  from  an  em- 
bryological viewpoint. 
Materials" and Methods 
Ovaries from both young and adult white rats were 
dissected in a drop of fixative (see below)  under a low 
power binocular microscope and freed of corpora lutea 
and other parts of no particular interest to this study. 
The fixation of the isolated groups of follicles was then 
continued 1 to 2 hours in a  1 per cent aqueous solution 
of osmium  tetroxide  buffered  at  pH  7.5  or  7.9  with 
veronal  acetate,  following  the  procedure  of  Palade 
(32). After washing and dehydration in increasing con- 
centrations  of ethanol,  the material was embedded  in 
n-butyl methacrylate. Thin sections were cut with the 
Porter-Blum microtome and  mounted  on collodion or 
carbon-coated  grids.  The  resulting preparations  were 
examined with either an  R.C.A.  EMU 2C  or  Philips 
100 electron microscope. 
In order to follow better the progress of sectioning, 
thick  (~-~ 0.5 #)  sections were cut along with the thin 
and  mounted  on  glass  slides.  After the  sections were 
dried with gentle heat, the slides supporting them, while 
still warm, were placed in a jar containing pure acetone 
at 50°C.  to remove the embedding methacrylate.  This 
step took only a few minutes. At this point the sections 
were examined by phase contrast microscopy to deter- 
mine the part of the block in which a suitable egg was 
located and from which thin sections should be cut. As a 
further aid to observing their morphology, the thicker 
sections were somtimes stained  in a  water solution of 
crystal violet (1 per cent) over night. They were there- 
after rinsed  in  tap water,  allowed  to dry  in air,  and 
mounted  in a  drop of cedar oil to provide permanent 
preparations. 
Ovulated eggs were obtained by standard procedures. 
The sexual cycles of the female rats were followed  by 
vaginal smears,  and animals found in the beginning of 
heat  were  mated  from  the  late  afternoon  until  the 
following morning. As established by the investigations 
of  Blandau  and  collaborators  (7-9),  and  by  Austin 
and  Braden  (3, 5,  6),  ovulation takes place near mid- 
night and may be considered complete 4 hours later. It 
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is  almost  complete  by  8  hours after  ovulation.  With 
these  figures  as  a  guide,  the  rats  were  sacrificed  at 
appropriate times during the day following ovulation in 
order to obtain eggs in different stages of development. 
In collecting the ova,  the Fallopian tubes were  re- 
moved  from  anesthetized  animals,  placed  in  a  Petri 
dish with Tyrode's or saline solution, where, with the 
aid  of  a  dissecting  microscope,  the  ampullae  were 
identified. These were then removed with the contained 
eggs and placed  immediately in  fixative.  The  bottles 
containing the isolated ampullae were thereafter kept 
in the cold room at 4°C. from ~  to 1 hour. Embedding 
was carried out in the same manner as for the ovarian 
tissue. During sectioning the location of the eggs inside 
the ampulla was checked by fight microscopy of thick 
sections, as indicated above, and when the knife began 
to cut the egg envelopes, thin serial sections were taken 
for electron microscopy. 
Silver impregnations of ovaries for the demonstration 
of  the  Golgi  apparatus  were  made,  using  Cajal's 
uranyl  nitrate-formalin  method.  Accordingly,  small 
slices of ovary (2 ram. thick) were immersed in a  solu- 
tion of uranyl nitrate (2 per cent) in formalin (10 per 
cent) for 24 hours (short fixations, useful for other tis- 
sues,  did  not  give  good  results  in  the  ovary  as  Rio 
Hortega  (42)  noted before). After a  short washing in 
distilled  water  the  material  was  impregnated  in  1.5 
per  cent  silver  nitrate  for  48  hours,  washed  for  30 
minutes in distilled water, and reduced for 12 hours in 
1  per  cent  pyrogallic  acid  dissolved  in  10  per  cent 
formalin. After the material was washed and dehydrated 
it was embedded in paraffin.  Sections 5  /~ thick were 
subsequently cut and examined. 
OB  SERVATIONS 
Egg Membranes 
The mammalian oocyte is normally covered with 
a  thick  layer  of  jelly-like  material  called  the 
"zona  pellucida"  which  separates  the  egg  from 
the  surrounding  follicular  (corona)  cells.  In  spite 
of  this  apparent  separation,  the  egg  and  corona 
cells retain a close association apparently by means 
of  thin  processes  traversing  the  zona  pellucida. 
Such connections have been repeatedly  described, 
but the manner in which  the processes  end when 
they  reach  the  egg  membrane  level has  been left 
in doubt. 
Specific  and  early  references  to  this point  can  be 
found in a  paper by Paladino (35), who described the 
existence of a  network  of extensions from  the corona 
cells which he regarded as bridges between the ceils and 
the oocyte cytoplasm. It was proposed by Paladino that 
this network might have a nutritional function. Regaud 
and  Dubreuil  (41)  have  since  published  an  accurate 
description of the zona pellucida of the rabbit oocyte. 
They  found that in this species the corona cells send 
out thick extensions, sometimes isolated, sometimes in 
groups, forming a  network outside the zona pellucida. 
Processes from this network, according to these authors, 
then pass through the pellucida, and in so doing form 
another anastomosing layer. Elements from this latter 
layer form a  thin network, the trabeculae of which lie 
close to  the  egg surface but do not join with the egg 
membrane. 
In  1911,  R. Van der Stricht (48), in a  study of cat 
oocytes, observed that the extensions (pseudopodia) of 
the  corona  cells  come  up  to  the  oocyte  through  the 
zona pellucida and end in little clubs close  to the egg 
membrane. Two years  later,  Rio Hortega  (42),  using 
a new silver impregnation technique on rabbit material, 
also  demonstrated  the  existence  of  filaments  arising 
from  anastomosing  prolongations  of  the  "corona 
radiata" cells and ending in little masses on the plasma 
membrane. He found these facts not in accord with the 
earlier  hypothesis,  defining the  existence  of  an  open 
connection  between  the  ovum  and  the  surrounding 
cells,  but, like Paladino, he accepted the view that the 
filaments might play a role in the nutrition of the grow- 
ing oocyte. 
Austin and Smiles (3), in a  study of living ovarian 
and ovulated rat eggs with phase contrast microscopy, 
observed the fine processes of the corona cells passing 
through the zona pellucida, but they made no mention 
of their mode of ending. In the later paper (4), Austin 
made note of the fact that after fertilization (by which 
time, as we now know, the corona cells have withdrawn 
their  processes)  the  zona  pellucida  becomes  more 
homogeneous and loses its striated appearance. 
In  the present  studies,  observations have been 
made by electron microscopy on the fine structure 
of the egg surface and the surrounding membranes 
and  cells,  (a)  in  young  oocytes,  (b)  partly  de- 
veloped  oocytes,  (c)  mature  oocytes,  and  (d)  fer- 
tilized ova of the rat. 
As  one  would  expect,  the  corona  cells  were 
found to have prolongations which extend through 
the zona pellucida and achieve a  contact with the 
surface  of  the  egg.  In  the  electron  micrographs 
these  tong  extensions  arise  from  broad  cone-like 
outgrowths  of  the  follicular  cells.  Successive  bi- 
furcations, which develop as soon as the processes 
leave the cones, give to the extensions a  dendritic 
character.  The  resulting  slender  branches,  which 
frequently  show  small  cytoplasmic  vesicles  or 
granules  and  average  100  to  200  m/z  in  width, 
follow  oblique  and  sometimes  tangential  paths 
through the zona pellucida  before  they reach  the 
ovum, and because of this, it cannot be established 
from  thin  sections  whether  all  of  them  actually 
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It is important to record that neither deep pene- 
tration of the corona cell prolongations inside the 
oocyte  cytoplasm  nor  open  communications be- 
tween these two elements were seen in any of  the 
micrographs  taken  of  the  egg  surface.  Instead, 
only close  contacts of  the  corona cells' processes 
with  the  egg  (separated  from  the  membrane by 
140 to 150 A) were seen. Fig. 5 illustrates the path 
of one of these prolongations and its contact with 
the oocyte membrane. 
The zona pellucida was also found to be trans- 
versed by thin projections, from the egg itself.  As 
seen in partly developed oocytes or in oocytes near 
maturation,  they  are  similar  to  the  microvilli 
described  by  Kemp  (26, 27)  in  frog  oocytes. 
Their length cannot be accurately determined in 
thin sections, but it is assumed that many of them 
reach at least to the middle of the zona pellucida. 
The diameter of  the microvilli (about 80  m~)  is 
essentially uniform over all their length and they 
are  not  seen  to  divide  into  smaller  branches 
(Figs.  1, 4, 5, and  10). They are, unlike the pro- 
longations of the corona cells, devoid of any cyto- 
plasmic components, vesicles or granules. 
Microvilli are  irregularly distributed  over  the 
egg  surface and occur either as  isolated units or 
as tufts of various dimensions. In some instances, 
and most especially in micrographs of  full-grown 
oocytes it is not uncommon to find extensive areas 
of  the  membrane  entirely  free  of  these  slender 
projections. 
It was not precisely determined by this study at 
which phase  of  the  growth period  the  microvilli 
appear, but it can be supposed that they develop 
shortly after the formation of the zona pellucida. 
The homogeneous matrix of the zona pellucida 
fills completely the space between the egg surface 
and the follicular cells and extends into the inter- 
vening spaces  existing between the  first layer of 
follicular cells. Such spaces are in general small and 
few  in number during the growth period but be- 
come  more  apparent  after  ovulation. At  around 
this latter time the corona cell prolongations begin 
to retract and the cells lose their close attachment 
to the egg. 
Once fertilization takes  place,  the  corona cells 
can  be  seen  free  in  the  mucous  substance  sur- 
rounding the eggs. At about the same time changes 
may  be  noted  in  the  ovular  membranes.  The 
microvilli  disappear (Figs. 2 and 3) and the plasma 
membrane  appears  to  disrupt  in  many  places 
(Fig.  14). Simultaneously with  the  development 
of  this condition, a  flood of cytoplasmic material 
comes  out  from  the  multiple  openings  in  the 
membrane and spreads out in the space  between 
the  egg  surface and the pellucida envelope (Fig. 
3). This extrusion of material was observed by the 
optical methods  of  earlier  investigators and  was 
called the pseudoplasmolytic process  (49). Some of 
the micrographs made as part of  this study show 
this layer of extruded ooplasm as forming a crescent 
in the region where the sperm cell has penetrated 
the  plasma  membrane. Restitutio  in  integrum  of 
the egg membrane was not observed until the first 
cleavage division, at which time the layer of  ex- 
truded material is still present inside the pellucida. 
Each blastomere develops new microvilli. 
Nuclear Components 
A. Nucleoli: 
The most outstanding components of the oocyte 
nucleus, and later the pronuclei, are the large and 
numerous nucleoli. They have been an object of 
study  and observation for  as  long as  germ  cells 
have  been  examined.  In  the  ovarian  egg  it  is 
common for  the germinal vesicle  to show  a single 
large nucleolus measuring as  much as  6  /z in di- 
ameter.  Events surrounding the  behavior of  this 
obvious structure at the time the germinal vesicle 
breaks  down  have  not  been  observed,  but  the 
subsequent  story  relative  to  nucleolar  develop- 
ment,  disintegration,  and  composition  in  pro- 
nuclei and segmental nuclei has been well recorded 
by  Austin and  collaborators  (3-5),  and  also  by 
Odor and Blandau (30, 31). Thus it is known that 
simultaneously with  the  clumping of  the  chro- 
mosomes  in the late telophase of the 2nd matura- 
tion division, a  number of nucleoli appear. These 
become  more  prominent  and  numerous  as  the 
pronucleus enlarges.  There  follows  a  coalescence 
of the primary group and thence a development of 
a secondary set. Essentially the same sequence and 
picture is apparent in the organization of the male 
pronucleus.  Just  in  advance  of  fusion  between 
pronuclei,  these  numerous  nucleoli  (numbering 
from 12 to 17 or more) disappear, some apparently 
blend with the nucleoplasm, others apparently are 
discharged  into  and  mix  with  the  cytoplasm. 
Following first segmentation and reappearance of 
nuclei, the  nucleoli burst into prominence again, 
and the above sequence is repeated. 
From some studies of stained preparations, Odor and 
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gen-negative but pyronine-positive. In  the  pyronine- 
stained preparations some of the nucleoli appeared as 
solidly stained bodies, whereas others appeared as ring- 
shaped structures. The latter image presumably repre- 
sented an optical section through a vesicular structure 
having a thick wall of pyronine-positive material. 
Somewhat  more discriminating microscopic  studies 
have been reported  by Austin and Braden  (5),  using 
ultraviolet at 2600 A. They noted that the nucleoli were 
non-absorbing  but were surrounded by a ring of strongly 
absorbing material giving the nucleolar image a dense 
outline. The interpretation of this ring was left in doubt 
and Austin suggested  simply that it  "may be due to 
refraction alone." 
Oocyte nucleoli are readily recognizable in this 
material prepared for electron microscopy. Sections 
taken  through  ovarian  oocytes  show  in  many 
instances a  ring-shaped  structure  consisting of  a 
thick  dense  wall  surrounding a  less  dense  center 
(Figs. 2,  7, and 8). The size of the whole body in- 
creases  as  the  growth  of  the  egg  progresses.  In 
ova some nucleoli were found having diameters of 
from 8 to 10#. 
A  small portion of the wall of a  nucleolus from 
a  mature ovarian oocyte is shown in Fig.  7.  It is 
about  1.3  to  1.7  ~  thick  at  this  stage,  and even 
though  part  of  a  maximum-sized nucleolus,  it  is 
thinner than in the younger oocytes. The material 
composing  the  wall  is  obviously  very  dense  to 
electrons, and seems to consist of a  diffuse, struc- 
ture-free  component  with  small  dense  granules 
embedded in it. It resembles, indeed, in appearance 
the chromosome shown in Fig. 6 and does not show 
the  close packing of particles  encountered in the 
several  nucleoli of  somatic  cells  that  have  been 
described (40). There is no clear evidence of order 
in the fine structure  though  there  is a  suggestion 
of  radial  organization reflected  by what  are  sus- 
pected  to  be artificially induced fissures  (Fig.  7). 
The  inside surface  of  the  wall  is  sharply  defined 
and faces on a homogeneous content of low density 
which may be referred  to as the nucleolar-plasm. 
The  outside  or  peripheral  surface  facing  the 
nucleoplasm is less smooth and, as shown in Fig. 7, 
is  frequently continuous with  irregular masses  of 
material  having  the  same  density  and  character 
as that composing the nucleolar wall. The appear- 
ance  suggests  that  this  relatively  unorganized 
peripheral material is coming from or contributing 
to  the  wall of the  nucleolus. In some sections of 
these  large  nucleoli a  satellite  body  of  spherical 
form  and  nucleolar  density  has  been  observed 
within the limits of this diffuse marginal material. 
A  similar  structure  was  noted  by  Austin  (4)  in 
living oocytes. 
The nucleoli encountered in the fertilized ovum 
and in the two first blastomeres are not noticeably 
different  from  those  in  the  mature  oocytes.  As 
noted  above,  early  in  the  development  of  the 
pronuclei (Figs. 2 and 8), many nucleoli are present 
and these ultimately appear to blend in the nucleo- 
plasm.  The  smaller bodies,  in thin sections, have 
the same appearance as that described above. The 
evident difference in size and absence of low density 
centers depicted here is referable to  the fact  that 
the  plane  of  section  is  non-equatorial or  nearly 
tangential. It is common for the nucleoli of female 
pronuclei, as shown in Figs.  2 and 8,  to protrude 
beyond  the  surface  of  the  nucleus.  The  nuclear 
envelope,  though  difficult to  follow,  seems  to  re- 
tain  its  continuity over  the  protrusion  (Fig.  8). 
In one instance (15 hours post ovulation) the rem- 
nants  of  a  nucleolus  were  encountered  in  the 
ooplasm while the pronucleus was still intact. The 
same  process  of  nucleolar disintegration was  ob- 
served in a  blastomere of the 2-cell stage. 
B.  Nucleoplasm: 
The  nucleoplasm of  the  oocyte nucleus as  well 
as  that  of the pronuclei and blastomere nuclei is 
essentially homogeneous  and  structureless  in  the 
light  microscope  image.  It  stains  weakly  with 
Feulgen and  shows  a  very low  absorption in the 
ultraviolet with some increase recognizable in the 
nuclei of the first blastomeres (5). 
In  the  electron  microscope  image  this  nuclear 
component appears as a  fine, fluffy, homogeneous 
material. The  impression is that  the  image repre- 
sents an OsO4 precipitation or fixation of what was 
essentially a  colloidal solution. Scattered  through- 
out  this  are  islands  of  greater  density  (Fig.  8) 
with  diffuse  margins.  In  general  appearance  and 
density  the  nucleoplasm of  the  oocyte  nucleus is 
readily  differentiated  from  the  ooplasm  (Fig.  8). 
It can also be noted that  the nucleoplasm in the 
2-cell stage is more dense, as though less hydrated, 
than  in  the  oocyte  and  in  the  pronuclei.  This 
parallels, possibly,  the  increase in UV absorption 
per unit mass of the later stage (5). 
C.  Chromosomes: 
In  the  maturing  and  segmenting  ovum  the 
chromosomes stain typically with Feulgen and ab- 
sorb in the ultraviolet (5). As far as has been noted 
in rat material they show no unusual or distinguish- 
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The  electron  microscope  image  is  likewise 
similar  to  that  noted  in other  material  (follicular 
or lutein cells). For the most part the picture is one 
of  a  dense  meshwork  or  condensation  of  finely 
fibrous and granular material. At scattered  foci in 
occasional sections,  faint  evidence of  order  is  ex- 
pressed  in parallel arrays of filamentous elements. 
These  are  individually  so  fine  that  they  tax  the 
resolving powers of the EM. 
The most striking variation is shown by images 
of the metaphase  chromosomes  and  is  character- 
ized by the presence, within the otherwise homoge- 
neous  material  of  the  chromosomes,  of  numerous 
dense  granules  measuring  around  200  A.  They 
occur  in  greatest  concentrations  in  the  cortical 
regions  of  the  chromosomes.  This  distribution  is 
shown to better advantage in micrographs of serial 
sections than  in the image in Fig. 6.  They are re- 
markably  similar  to  other  dense  granules  (RNP 
granules) observed in the cytoplasm (ooplasm) sur- 
rounding the meiotic spindle and elsewhere. 
D.  Nuclear Membrane: 
As seen by light microscopy,  the nuclear  mem- 
brane of fixed and living rat oocytes appears  to be 
a  sharp  boundary,  showing sometimes patches  of 
granular  material  condensed  along  its  inner  side. 
The  largest  pronuclei  likewise  appear  to  have  a 
sharp  boundary  outlined  with  small  granules,  as 
pointed out by Austin (3). During the stages prior 
to  the  conjugation  of  the  pronuclei  the  nuclear 
membrane  becomes  irregular  in  outline  and  soon 
disappears  (4).  Its  reappearance  is  noted  after 
the  beginning  of  formation  of  the nucleoli of  the 
young zygote. 
Electron micrographs  of  the young oocyte show 
the  nucleus  to  be  limited  by  two  distinct  mem- 
branes separated by a  space, the perinuclear space 
of  Watson  (50).  The  inner  membrane  is  in  close 
contact  with  the  granular  material  that  fills  the 
nucleus at this stage.  Watson  (50)  has  referred to 
the  entire  structure  as  the  nuclear  envelope.  In 
the growing oocyte the nuclear envelope retains this 
double  appearance  but  only  patches  of  granular 
material are disposed along its inner limits. 
In  the  pronuclear stage large  areas  of  the  en- 
velope loaded with dense intranuclear material are 
seen  alternating  with  clear,  apparently  thinner 
zones in the envelope. This condition seems to be 
the  same  during  the  whole period preceding pro- 
nuclear  conjugation,  but  was  found  to  be  more 
obvious  during  the period  in  which  the pronuclei 
are close to each other. 
The  nuclear  envelope of  the pronuclei and  the 
blastomere nuclei have the common appearance  of a 
double line. 
Cytoplasmic Components 
A.  The Golgi Component: 
A number of light microscope studies have reported 
on the distribution of the Golgi material in the develop- 
ing oocyte. Rio Hortega in 1913 (42) published evidence 
to  indicate  that  sequences  in  the  distribution  of  the 
component  followed  a  distinctive picture  during  the 
growth of the oocytes. In the early stages it was defined 
as  a  reticular  mass  located  in  the  perinuclear  area, 
enveloping to some extent  the surface of the nucleus. 
In more advanced stages of growth this reticular mass 
was  observed  to  be  scattered  throughout  the  entire 
cytoplasm. And finally in the full-grown oocyte, mate- 
rial  responding  to  the  silver  staining  procedure  was 
found  to  be  located  largely within  the  cortex  of the 
oocytes  and  to  a  great  extent  just  beneath  the  egg 
membrane. 
Other  investigators  differed  from  Rio  Hortega  in 
their  interpretations  of  the  exact morphology  of  the 
Golgi component but in general found reason to agree 
with his description of its distribution in the young and 
growing egg (51). 
These  earlier  observations  have  been  repeated 
in  the  present  study  and  essentially  confirm 
what has been described before. In young oocytes 
the  component  recognized  as  Golgi  by  its  silver 
staining  was observed  to  be  confined  to  the peri- 
nuclear  area;  in  half-grown oocytes  it  is  scattered 
in  the  cytoplasm,  but  still  related  to  the  peri- 
nuclear  area;  and  in full-grown  oocytes it is found 
to  be  very  largely  distributed  around  the  cyto- 
plasmic cortex, near the cell membrane. 
Electron  microscope  studies  of  thin  sections  of  a 
variety of cells have now identified a  special structure 
containing vacuoles and parallel membranes which, by 
its intracellular location, may be identified as the Golgi 
component  or  complex.  The  morphology  was  early 
described by Dalton (13) and more recently by Dalton 
and  Felix (14-16)  and  by Sj6strand and  Hanzon  (46). 
It now appears that in large part the Golgi "apparatus" 
consists of closely packed parallel arrays of tubules and 
flattened vesicles. There is occasional evidence that the 
latter of these are fenestrated (33) and in some instances 
a  few of these  elements appear  to be  rounded  up  to 
produce peripheral to the "apparatus"  a halo of small 
vesicles.  More  recently  Palade  has  found  that  the 
elements  of  this  component  are  continuous  with  the 
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In  the  present  studies,  structures  identified  as 
falling within  the limits  of  the  above  description 
have  been  encountered  in  all  stages  of  oocyte 
growth  and  development.  In  the young immature 
oocyte the Golgi component is large, perinuclear in 
position, and apparently confined to one pole of the 
cell. The structure is complex and includes a  num- 
ber of spherical vacuoles that vary greatly in size. 
In the more mature oocyte (Figs. 4 and 9)  the cyto- 
plasmic  component  recognized as  the  Golgi com- 
ponent does not appear in such complex and com- 
pactly  organized  structures  as  in  the  younger 
oocyte. The parallel arrays of slender profiles con- 
sist of not more than  6  to  10 elements in any one 
plane of section. These bundles or arrays appear in 
small  groups  which  are  scattered  principally 
throughout  the  cortex  of  the  oocytes.  Within  a 
group  the  arrays  are  diffusely  arranged  and  sur- 
rounded by cytoplasm rich in small vesicles having 
dimensions not greatly different from the elements 
more properly  identified as  Golgi material.  Small 
dense particles, common in other parts of the cyto- 
plasm,  seem  to  be  largely  excluded  from  these 
regions and show no tendency to associate with the 
membrane  surface  (Fig.  9).  In  the fertilized ovum 
the  arrays  or  bundles  have  over-all diameters  of 
0.2  to 0.5/z and lengths in the thin sections gener- 
ally  not  in  excess  of  1.0  #.  The  bundles  follow a 
tortuous  course  and  may,  in  any  region,  be part 
of  a  glomerulous-like  "apparatus"  about  5  /z  in 
diameter.  During  the  stages  associated  with 
fertilization  and  early  segmentation  the  Golgi 
material becomes more evenly distributed  through- 
out the cytoplasm. Whether there is a  simultaneous 
change in amount of material identifiable as  Golgi 
was  not  indicated  by  the  preparations  available 
for this study. 
Identical  bundles  of  slender  profiles have  been 
observed in follicle cells within the ovary and also 
in  free  coronal  cells  post  fertilization.  These  are 
generally  associated  with  the  centrosomal  cyto- 
plasm which is characterized by a  condensation  of 
small (200 to 300 A) vesicles (see below). 
B.  Cytoplasmic Basophilia: 
The  rat  oocyte has  been  studied  for its basophilic 
components  by  Jones-Seaton  (25) and  others.  These 
investigators describe basophilic granules and material 
which vary somewhat in distribution at different phases 
in the growth  and  early development of the embryo. 
Correlations are drawn between the pattern of distribu- 
tion in the oocyte and the subsequent bilaterally sym- 
metrical  organization  of  the  segmenting  ovum.  The 
primary distribution evident in the oocyte and fertilized 
ovum  is  replaced  after  cleavage in  the  2-  and  4-cell 
stages by a secondary and more diffuse basophilia. 
Using UV  at  2600  A  to  define  the  distribution  of 
nucleic acids in the egg, Austin and Braden  (5)  noted 
that  the  strongly  absorbing  material  was  distributed 
quite evenly throughout  the cytoplasm of the mature 
oocyte.  They  observed  further  that  the  absorbing 
material was not confined solely to resolvable granules. 
There is obviously an element of disagreement in these 
observations which the present study cannot resolve. 
There  is  currently  available  from  electron 
microscopy  of  other  cells good  evidence that  the 
property  of  basophilia  resides  in  small  dense 
particulates  of  the  cytoplasm  (33)  and  nucleoli 
(38).  These  particulates  have  been  demonstrated 
to  coincide  in  distribution  with  the  basophilic 
components  and  upon  isolation from  the cell and 
subsequent  analysis have been found  to be extra- 
ordinarily rich in RNA. Dense particulates  of this 
size  and  character  encountered  in  electron  mi- 
croscope  images  of  cells  have,  therefore,  become 
the equivalent of the basophilic component. 
In  the  cytoplasm  of  the  oocyte  and  fertilized 
ovum particulates of this nature (150 to 200 A) are 
clearly  visible.  They  are  distributed  throughout 
the  matrix  of  the  cytoplasm  and,  indeed,  consti- 
tute  a  prominent  component  of  this  general  ma- 
terial in the osmium-fixed preparation.  They have 
not  been  observed  to adopt  any preferred  associ- 
ation  with  other  formed  cytoplasmic  structures 
(Figs. 9 and 11). 
The  quantity  of these particulates  varies some- 
what with the stage, In the young oocyte and even 
mature oocyte they are distinctly less in evidence 
than  in  the  fertilized and  developing ovum.  Pos- 
sible reasons for this are discussed below. 
C.  The Endoplasmic Reticulum: 
As is now well known, electron micrographs of cells 
usually show some evidence of a finely divided vacuolar 
system within the cytoplasm. This was early referred 
to  as  a  reticular  structure  and  acquired  the  name 
endoplasmic  reticulum  (ER)  (37).  It  adopts  many 
forms  in  different  cell  types,  but  its  morphology  is 
fairly  constant  for  any  single  type  and  is  generally 
thought  of as representing a  special differentiation of 
the  cytoplasm.  In  association with other cytoplasmic 
elements, such as the RNP particles of Palade, it con- 
stitutes what is usually called the ergastoplasm and is 
clearly  involved  in  protein  synthesis  (38).  In  other 
associations,  such as for example that  with the myo- 
fibrils,  the structure  and  possibly the function of the 
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In  the  oocytes  of  the  rat  there  is  no  evidence 
of  a  continuous  system  of  vesicles  and  tubules 
within  the  cytoplasm.  Scattered  profiles  of  iso- 
lated vesicles have been noted  (Figs. 4, 9, and  11) 
which,  because  of  their  size  and  general  appear- 
ance, have been arbitrarily labelled as elements of 
the  endoplasmic  reticulum  (ER).  It  is  obvious, 
however,  that  the  system  is not  prominently  de- 
veloped  in  the  developing  oocyte  or  the  mature 
ovum. The nuclear envelope shows the character- 
istic double membrane and perinuclear  space, but 
no  continuity  between  the  outer  membranes  and 
the  perinuclear  space  with  other  membrane- 
limited elements of the cytoplasm has been noted. 
All one can say, based on morphological criteria, is 
that  the  ER  in  rat  oocytes  and  mature  ova  is 
meagerly represented. 
The picture of the ER changes  somewhat  after 
fertilization and the onset of segmentation.  As can 
be noted  in Fig.  15,  which  depicts a  portion of a 
single  blastomere,  the  profiles  of  vesicles  and 
tubules  within the size range  of  ER units  is  con- 
siderably  in excess of those evident in the oocyte. 
In  a  few  instances,  these  have  appeared  in  con- 
tinuity  with  the  outer  membrane  of  the  nuclear 
envelope. This association together with their size, 
shape,  and  absence of structural  content makes it 
reasonable  to identify them  with the ER of other 
cells. It seems, therefore,  that a differentiation of the 
ER begins early at the 2-cell stage. No association of 
the vesicles with other elements of the cytoplasm 
is  evident,  nor  has  any  pattern  of  organization 
within the system been observed. 
D.  The "Vitellus" and Other Inclusions: 
The  vitellus,  in  most  of  the  invertebrates  and 
lower  vertebrates,  is  the  most  prominent  cyto- 
plasmic component of the growing oocyte. Cytolo- 
gists have long investigated and debated its origins 
and many of them have derived it from other com- 
mon cytoplasmic organelles such as mitochondria. 
It  appears  in  many  oocytes  at  early  stages  of 
growth, and also during subsequent stages, as well 
defined accumulations  of cytoplasmic components 
of  known  and  unknown  nature.  The  oocytes  of 
higher  vertebrates  present  a  different  problem 
relative to the nature of the cytoplasmic materials 
involved  because  no  true  yolk  deposits  exist  in 
most  of  these  species.  Nevertheless,  the  changes 
noted  in  these  eggs  in  the  distribution  of  cyto- 
plasmic  materials  during  oocyte growth  have,  in 
general,  been  referred  to  as  involved  in  "vitel- 
logenesis." 
"Vitellogenesis" in  the mammalian  oocyte was  de- 
scribed in detail by O. Van der Stricht some years ago 
(49). As regarded by Van der Stricht and other investi- 
gators, this process was related to the so called vitellin 
body  of Balbiani,  which  in  turn  is  considered  to  be 
integrated  with  the  centrosomal  material  and  mito- 
chondrial elements. According to their observations in 
the young oocyte of mammals the centrosomal consti- 
tuents are found close to the nucleus and surrounded by 
a  perinuclear area of cytomicrosomes from which the 
vitellin body  develops. Once constituted,  this body is 
reported to have (a)  a central part in which reside the 
centrioles,  and  (b)  a  peripheral  layer intermixed with 
closely  packed  mitochondria.  During  oocyte  growth 
the peripheral layer first spreads uniformly in the cyto- 
plasm and  then forms deeply stainable trabeculae and 
masses  of considerable size which connect the cortical 
layer  with  a  narrow  perinuclear  region.  Finally,  the 
masses  and  trabeculae disappear  giving way to a  thin 
cortical area composed of fine  granules surrounding  a 
central deutoplasm formed of clear vesicles. 
Van der Stricht  (49) reports  that  the mitochondria 
accumulate particularly  in the cortex during  the first 
maturation  division, and that  during the formation of 
the second  spindle their distribution is more uniform in 
all parts of the central cytoplasm. At the same time, the 
cortical layer appears  to  be  thin  near  the site  of the 
spindle and thicker at the opposite pole, where the two 
pronuclei later meet. 
The pronuclei at this time are surrounded by a com- 
pact  material  called  the  plastic  vitellus.  During  seg- 
mentation,  however,  and  in  the  first  blastomere  the 
material is uniformly distributed  throughout  the cyto- 
plasm. 
As seen  by  the  light  microscope following osmium 
fixation,  methacrylate  embedding,  and  crystal  violet 
staining,  the cytoplasm of the young rat oocytes used 
in this  study  appear  to be more or less  homogeneous 
with  evenly  dispersed  mitochondria.  As  the  oocyte 
grows,  its cytoplasm is  characterized by the presence 
of irregular patches  of staining material  connecting a 
narrow perinuclear region and  a  definite cortical layer 
of the same constitution. An apparently  homogeneous 
substance fills the spaces in between the more densely 
stained  regions.  Mitochondria  deeply  stained  by  the 
crystal violet are found particularly as part of this dense 
material.  During  maturation  and  early  fertilization, 
the  earlier  continuous  cortical  layer  breaks  up  into 
patches of irregular shape and size scattered throughout 
the cytoplasm. At the end of this period, when the pro- 
nuclei have come together, a thick layer of dense mate- 
rial can be seen surrounding them. In short, the distribu- 
tion of crystal violet staining  material  in  the  various 
stages  examined  coincides with  the  Van  der  Stricht 
description  of the "vitellus." It should  be noted  that 
with crystal violet the mitochondria invariably stain a 
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which this  section of this  report  is concerned, stains 
pink. 
This  cytoplasmic  component,  which  stains 
lightly with crystal violet and which corresponds 
to  the  "vitellus"  of  other  observers,  is  readily 
identified in electron micrographs by its location 
and associated mitochondria. In low power micro- 
graphs (Figs.  1 to 3) it is depicted as finely granular 
and more dense than the intervening  and surround- 
ing matrix.  It  is,  furthermore,  less  homogeneous 
than the latter material which may represent the 
deutoplasm or yolk equivalent of the rat egg. It is 
possible with such low power micrographs to depict 
the changes in distribution and general density of 
this  stainable component during oocyte  growth, 
maturation, and development. 
For example, Fig.  1 shows  its distribution and 
general character in the mature oocyte. As in the 
light  microscope  image,  the  greatest  quantity is 
seen to be located either in perinuclear or cortical 
regions,  with  only  a  few  connecting bridges  or 
trabeculae through the homogeneous matrix. 
With  maturation  and  fertilization  definite 
changes take place (Figs. 2 and 3). The "vitellus" 
material,  still  with  associated  mitochondria, 
adopts  a  more  even  distribution  within  the 
ooplasm. The continuity of the cortical and peri- 
nuclear  layers  is  lost  and  the  sections  show  a 
fairly uniform dispersal of what are now more con- 
densed masses  or islands of the component. 
The mitochondria and Golgi material and small 
dense granules evident at higher magnifications in 
this  "vitellus"  component have  been  mentioned 
above. 
E.  The Multivesicular Bodies: 
Possibly the best defined elements of this stain- 
able component in ovarian eggs, apart from mito- 
chondria, are certain vesicles  of special character. 
In  the  immature  oocyte  they  occur  randomly 
scattered in relatively small numbers. Later in the 
full-grown oocyte  they  increase  in  number and 
occupy predominantly a peripheral position. They 
are  characterized  firstly by  the  existence within 
them  of  numerous smaller vesicles,  and secondly 
by the presence of a  dense "nuclear" body (to be 
referred  to  hereinafter  as  the  nucleoid)  located 
more or less at the center of the larger vesicle. The 
whole  structure is  limited by a  membrane 50 to 
60  A  thick  (Figs.  10  to  12). Because  of  its well 
defined form and content we have referred to it as 
the multivesicular body.  The size of the whole unit 
varies from 0.1  #  to 0.6/z. The contained vesicles 
run from 10 m/z to 50 m# and the nucleoid, which 
appears in turn to contain similar and more densely 
packed vesicles,  measures from 50 m/~ to  100 m/~. 
These bodies are  the most unique of  the  various 
inclusions of the rat oocyte. 
Further  information  on  the  nature  of  these 
elements is not at present available. It is not even 
clear that they can be related to particulates ob- 
served  with  the  light  microscope  although  their 
dimensions would, in some  instances, bring them 
easily  within range  of  light  resolutions. It  is  of 
special importance that they have been identified 
by  electron microscopy in other  types  of  differ- 
entiated cells,  e.g.  follicle  cells,  neurons, erythro- 
blasts,  macrophages,  and  rat  sarcoma  cells  (see 
Discussion), though not with contained nucleoids. 
As  noted  earlier,  the  stainable component ap- 
pears  in discrete  and  somewhat  more  condensed 
masses  in sections of maturing and fertilized ova. 
The  mitochondria are  present  in  approximately 
the same concentration as in the ovarian egg. They 
are readily identified in low power micrographs by 
their greater density and at higher magnification 
by  their  internal  structure  as  well  as  different 
density. 
Differences  in the  stainable component among 
eggs of different ages,  etc.  seem  to reside more in 
the  number and  character  of  the  multivesicular 
bodies and  associated masses  of  vesicles  than in 
the better known organelles described above. Fre- 
quently a condensation of stainable material, such 
as  that  at  cv  in Fig.  2,  will be found at  higher 
magnifications to consist of a  large concentration 
of small vesicles  (Figs.  13 and 14). These vary in 
size  from  20  to  30  m#  to  140  m#  in  different 
groups  and  resemble  the  vesicles  occurring  in 
similar  concentrations  within  the  centrosphere 
regions of somatic cells (Fig.  16). As in the latter 
regions, so also in these condensations in the ovum, 
mitochondria and the larger elements of the endo- 
plasmic reticulum are excluded  and lie peripheral 
to the masses  (Figs.  13 and 14). There is no evi- 
dence in the material to indicate that such differ- 
entiations of  the ooplasm are evenly distributed. 
On the contrary, as many as three have been ob- 
served in close proximity. Large accumulations of 
similar vesicles have been noted in association with 
the pronuclei just prior to fusion. Such masses are 
less  sharply set off from the  rest of  the  ooplasm 
than in recently fertilized eggs. They presumably 
represent  an  early  stage  in  the  development of 
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divisions of  the egg. Such condensations of  small 
vesicles  remain in association with  the  nuclei of 
the  blastomeres  following  the  first  and  second 
cleavages. 
During  these  same  stages  of  maturation  and 
fertilization other masses of stainable material are 
found in thin sections to contain numbers of multi- 
vesicular bodies.  The numbers of  these observed 
are  greatly  in excess  of  any encountered in  the 
ovarian egg. They differ also in being surrounded 
by  great  numbers  of  small  vesicular  elements 
which,  on  the  one hand,  are  only slightly larger 
than those within the multivesicular  bodies, and, on 
the  other  hand, are  quite similar to  those  found 
composing the centrosphere masses observed in ova 
and  in  other  cell  types.  In  such  situations  the 
multivesicular bodies are not all alike but show, 
what appear to be varying degrees of development 
and transformation into ill defined groups of free 
vesicles.  The obvious suggestion derived from the 
images is that the vesicles in the surroundings are 
derived from the multivesicular bodies through a 
breakdown of the latter and that the nudeoid in 
each  multivesicular body  grows  to  form  a  new 
multivesicular body (with nucleoid). During these 
stages  the multivesicular bodies might be said to 
he "swarming." 
All grades  of  situations are  encountered, from 
stainable masses consisting largely of intact multi- 
vesicular bodies to others of similar size showing 
very few,  if  any at all (Figs.  11  and  12). In the 
latter the independent vesicles are larger than the 
average size and the mass may be interpreted as 
representing a  centrosphere.  The arbitrariness of 
these  suggested  relationships  is  recognized  (see 
Discussion). 
DISCUSSION 
Cell Membrane  and its  Relation  with the Follicular 
Cells: 
From early stages of growth onwards, the oocyte 
is  surrounded by an epithelial type of  cell,  from 
which in later stages the  Graffian follicle  will  be 
formed. Several opinions of previous investigators 
have been quoted regarding the nature of the rela- 
tionship between the follicular cell and the oocyte 
itself.  Recently, Duryee (17) from microdissection 
studies  of  living  human  ovarian  ova  proposed 
again  the  existence  of  a  direct  communication 
(continuity)  between  the  oocyte  cytoplasm  and 
that of the corona cells. Such connections described 
specifically  as  "bridges" have more recently been 
reported  by Kemp (28) from electron microscope 
studies  of  oocytes  of  a  variety  of  vertebrate 
species. 
The electron microscope  observations made  in 
the present investigation have  not provided any 
evidence of  such  a  type  of  communication, and 
it  is  considered as  most probable that  a  simple 
contact between the outgrowths of the corona cells 
and the oocyte membrane may be the normal rela- 
tionship (Text-fig.  1).  This view is supported by 
the fact that in the case of contacts found in the 
electron micrographs (Figs. 5 and 10) the image of 
one or  two  cell membranes always intervene be- 
tween the cytoplasms. We have also observed here 
and described under the name of microvilli, large 
numbers of  slender projections from  the  oocyte 
membrane. These microvilli are similar to the ones 
described by Granger and Baker (22), Fawcett and 
Porter  (20) and others  in somatic cells,  by Mc- 
Culloch  (29) in Arbacia  punctulata  eggs, and  by 
Kemp (26 and 27) in frog oocytes.  Microvilli have 
been observed  on most  epithelial surfaces.  They 
undoubtedly  increase  the  absorptive  area,  as 
Kemp has already pointed out. It is possible that 
in some  cell types they may play a  more specific 
function, such as in taste buds where  each of the 
sensory cells  ends in a  tuft of  microvilli, as  was 
first noted by Engstrom and Rytzmen (18)  and 
later by Trujillo-Cen6z (47).  With regard  to  the 
microvilli on the rat egg, it should be noted that 
they are prominent during the development of the 
oocyte  when  materials  for  growth  are  required, 
that  they  disappear  at  the  end of  the  period  of 
storage  and  growth,  and  reappear  again  in  the 
2-cell  stage,  where  the  egg  metabolism is  surely 
greater. This would support the above mentioned 
concept of the general role of microvilli. 
It was noted in these studies that after fertiliza- 
tion the ovular membrane breaks down at numer- 
ous points and that cytoplasmic material flows out 
into the perivitelline space.  This perforation of the 
membrane which has  been seen  in several micro- 
graphs  of  recently fertilized  ova,  takes  place  at 
about the same time that the microvilli disappear. 
The  extrusion  of  cytoplasmic  material  was  ob- 
served by earlier investigators, and was considered 
by Van der  Stricht  (49) as  a  normal process  for 
several vertebrate eggs. It  would  seem  from  the 
manner in which they are carelessly discarded that 
the materials present in the  cortex of  the egg at 
this  time  have  no  significance  in  later  develop- 
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Among the problems  of fertilization one of the 
more interesting  concerns in nature  of the barrier 
against  polyspermy.  Braden  (10)  noted  that  the 
number of spermatozoa inside the pellucida is less 
than  would be expected from  chance  alone.  Thus 
this author concluded that a  change must occur in 
the  "zona"  after  the  first  entry  which  prevents 
subsequent entries. 
We  have  already  pointed  out  that  from  the 
standpoint  of  morphology  the  only  noticeable 
change during fertilization is the focal breakdown 
of  the  egg  membrane  and  the  concomitant  dis- 
charge of cytoplasmic materials.  It seems reason- 
able to assume that the chemical properties of this 
extruded  material  might  change  while  it  inter- 
mixes with  the  zona pellucida  and  that  either  or 
both  may  thereafter  act  to  alter  the  fertilizing 
properties of the supernumerary  sperm cells. 
The Nucleus.--The germinal vesicle of Purkinje 
passes through a long resting period,  during which 
the chromosomal structures are not apparent in the 
majority of the species. It is well known from the 
early investigations of Brachet  (11)  that  Feulgen- 
positive thymonucleic acid (DNA) is not detectable 
in the nucleoplasm or at the most exists in a  very 
low  concentration  during  the  period  of  oocyte 
growth.  This condition seems  to be the prevailing 
one in many invertebrate and vertebrate species. 
The  nucleoli,  on  the  other  hand,  seem  to  play 
a  more active role during  the same period.  In rat 
oocytes,  indications  of such  activity are provided 
by the apparent  dispersal  of nucleolar material  in 
TExT-FIG.  1.  Drawing designed  to  depict  the structural  relationship  between follicle  cells  and  oocyte in  the 
ovary of the rat.  A portion of the oocyte cortex is represented at  the bottom of the figure; above it is the  zona 
pellucida and  surmounting it,  a  layer of follicle  cells.  The latter are shown as sending long extensions through 
the zona to  the egg surface.  Here they end without  establishing any  structural  continuity with the microvilli, 
which extend from the egg surface into the material of the zona. The image is otherwise self-explanatory. 338  RAT OVUM 
the nucleoplasm from which it possibly diffuses into 
the  cytoplasm through the nuclear membrane or 
blends with the cytoplasm during mitosis. Concen- 
trations  of  this  material  were  found  forming 
patches in close contact with the nuclear membrane 
either  isolated  or  connected  by  threads  to  the 
nucleolar  body.  Although  the  facts  observed 
suggest the existence  of a centrifugal spreading of 
nucleolar material,  the  possibility cannot be  ex- 
cluded that a reverse process  actually takes place. 
The morphological observations alone are unable to 
determine the nature of the interchanged material, 
and where the migration if any has its beginnings. 
Maturation,  conjugation,  and  cleavage  are 
characterized by active nuclear multiplication. It 
has  been posulated  (Brachet,  12), from chemical 
and  histochemical  investigations, that  DNA  in- 
crease,  taking place during active nuclear division, 
is  the  product  of  a  transformation of  the  cyto- 
plasmic RNA. The observations made by Austin 
(5)  in living rat eggs with ultraviolet lead him to 
essentially  the  same  conclusion,  namely  that 
nucleic acid stored  in the egg  cytoplasm, is used 
for the DNA synthesis. 
In this connection an observation made during 
the  course  of  this study on the  metaphase chro- 
mosomes  of  the  second  maturation division is of 
some  interest.  As  was  described  above,  these 
chromosomes  were  found to  show  a  considerable 
number of small dense granules, with the approxi- 
mate  size  and  characteristics of  the  cytoplasmic 
granules already identified by other investigators 
as rich in ribonucleic acid. The presence of  these 
granules inside the chromosomal body would seem 
to support the above mentioned concept. However, 
it is a  controversial point, whether these granules 
are contributing to the formation of chromosomal 
DNA; or whether they constitute early accumula- 
tions of  material that  may subsequently go  into 
the  formation  of  nucleoli.  As  we  have  already 
pointed out,  several nucleoli were  found forming 
within  the  telophasic  chromosome  mass  of  the 
second maturation division and the first cleavage 
division. A  close  study  of  the  whole  of  mitosis 
might clarify this point. 
Reference has been made above to the striking 
number and size of the nucleoli present in the male 
and female pronuclei of rat ova and the nuclei of 
the first two blastomeres. These nucleoli develop 
rapidly  and  subsequently disintegrate  when  the 
pronuclei  break  down.  There  results  from  this 
latter event a fairly large contribution of nucleolar 
material to the egg cytoplasm and later to that of 
the  blastomeres.  The  electron micrographs  show 
the  nucleoli, in  later  stages  of  growth,  to  have 
essentially the  structure  of  thick-walled  vesicles 
with high  density material in the  walls  and low 
density material in the cavities. It would appear 
from Austin's UV absorption images of these same 
nucleoli, that  the  nucleic acid  is  confined to  the 
cortices of these bodies, i.e., to the thick dense walls 
apparent in the electron micrographs. 
The nature of the material occupying the centers 
of  these nucleoli is  unknown and is  without evi- 
dence of  structure in these electron micrographs. 
The  structural  nature  of  the  nucleic  acid-rich 
cortex  is  not  such  as  to  suggest  that  it  would 
possess  osmotic properties, nor is there any mem- 
brane  (in  the  usual  sense)  outside  the  cortex. 
Therefore the increase in size might be regarded as 
a  growth  phenomenon of  the  cortex  rather  than 
the result of any accumulation of material within 
the "cavity" of the nucleolus. 
Cytoplasmic  Structures--Golgi  Component  and 
Endoplasmic Reticulum: 
A detailed account has been given in this paper 
of the morphological characteristics and distribu- 
tion of the Golgi component in the egg cytoplasm. 
It  has  been identified on  the  basis  of  (1)  a  fine 
structure that is currently accepted as character- 
istic of  the  Golgi in all types  of  cells  and  (2)  a 
distribution  which  parallels  that  of  the  Golgi 
material in the rat  egg as revealed by silver im- 
pregnation  technics.  This  latter  parallelism  is 
particularly striking at the  beginning of  the long 
growth period of  the oocytes in which a localized 
perinuclear Golgi apparatus is demonstrated, and 
in  the  last  stages  of  this  period,  in  which  the 
Golgi  bodies  are  found  predominantly  in  the 
cortical zone of the oocyte. 
If the Golgi component is accepted as a special- 
ized  form of the endoplasmic reticulum, as seems 
proper within the  loose definition applied to  this 
system, then it must be noted that the ER in rat 
eggs  is  largely  represented  by  Golgi  elements. 
Apart from these,  only scattered vesicles, of a size 
and  distribution to  distinguish them  from  those 
of the centrosphere, are evident. The significance 
of  this morphology is difficult  to guess.  Why the 
Golgi should be so abundantly represented and the 
other  types  of  ER  so  meagerly  represented  is 
obscure. 
It  is  interesting,  at  least,  to  note  a  certain 
parallelism between the observations made here on 
the ER of rat oocytes and those made on the same J.  ROBERTO  SOTELO AND  KEITH  R.  PORTER  339 
structure  in differentiating cells on the amphibian 
regenerative  blastema  (Hay  (23)).  In  this  latter 
instance  the  non-Golgi  ER  connects  with  the 
nuclear envelope and completes differentiation only 
when  the  blastema  cells  stop  dividing  and  begin 
to develop into specific cell types. In the rat eggs of 
the  present  study,  the  ER,  while  not  strikingly 
represented  in  the  mature  oocyte,  appears  to  be 
more prominent  as soon as  the embryo  begins  its 
development. 
Multivesicular  Bodies and Associated  Vesicles: 
Besides  the  commonly known  structures  of  the 
cytoplasm,  two  relatively  new  components  have 
been  recognized  as  constantly  occurring  in  rat 
eggs. These are the multivesicular bodies (mvb) seen 
in the cortical and  central zones of the mature and 
fertilized  eggs,  and  the  clumps  of  vesicles  found 
associated  with  them.  The  significance  of  these 
components is still obscure but some facts must be 
emphasized  regarding  their  most  prominent 
features. 
In  the first place,  one should  be reminded  that 
bodies  of  this  type  seem  to  occur  fairly  widely 
among  cells.  It  was  noted  (e.g. Sotello  and  Tru- 
jillo-Cen6z, 45)  that multivesicular bodies exist in 
the  oocytes of other  species.  In such  cases  i.t was 
found  that  they  are mixed with other more  com- 
plicated forms. However, they are not confined to 
oocytes but appear  in small numbers  in many cell 
types.  In  a  form  without  evidence of a  nucleoid, 
they  have  been  found,  e.g., as  isolated  units  in 
neurons  by  Palay  and  Palade  (36);  in  basophiles 
by  Palade  (33);  in  regenerating  nerve  fibers  by 
Estable,  Acosta  Ferreira,  and  Sotelo  (19);  in 
intestinal  epithelial  cells  by  Zetterqvist  (53);  in 
ciliary  epithelium  by  Holmbert  (24);  and  in 
Chlamydomonas  by  Sager  and  Palade  (43).  Still 
TEXT-FIG. 2. This is designed to depict the variety of forms in which multivesicular bodies appear in egg cyto- 
plasm, particularly after fertilization. Many appear as in/--simply a  membrane surrounding a number of small 
vesicles.  Others, as in II and III, show a dense central body or nucleoid;' itself containing tiny vesicles surrounded 
by varying numbers of vesicles in a matrix, also of variable density. Multivesicular bodies both with and without 
nucleoids are found in what appears to be the process of discharging their contents, as in I V and  V. It is assumed 
that  the  nucleoid in  V would develop into a  new  mvb of larger size.  VI simply reproduces  a  region of ooplasm 
with mvb's as they appeared.  The  size variation may result from relation of plane of section to  equatorial plane 
of body. 340  RAT OVUM 
further they have been found in more conspicuous 
numbers in sperm cells of several invertebrate and 
vertebrate  species  (Sotelo,  unpublished). Thus  it 
seems reasonable  to conclude that they occur normally 
as a constant component in animal cells. 
At  the  outset,  it  should  be  pointed  out  that 
multivesicular bodies were  found:  (a)  as  isolated 
units in very young oocytes, (b) in small quantities 
in half-grown oocytes,  (c)  more frequently in full- 
grown oocytes, and (d)  in large number in mature 
and fertilized ova.  The  associated  vesicles follow 
more or less a  similar pattern. The striking abun- 
dance  of  multivesicular  bodies  in  mature  and 
fertilized  ova  means,  obviously,  that  an  active 
multiplication had  taken  place.  This  multiplica- 
tion is coincidental with the  beginning of a  more 
even distribution of these components in the cyto- 
plasm.  As  a  final  event,  they  form  into  dense 
masses  around  both  pronuclei just  before  conju- 
gation. 
Several  observations  were  made  suggestive  of 
the way the  multiplication and transformations of 
my bodies  may take place. Perhaps the more signifi- 
cant of these is the existence within the large  mvb's 
of  a  single  smaller  body,  a  nucleoid,  of  similar 
construction and  the  existence  of  similar  bodies 
surrounded by closely packed vesicles. The latter 
observation suggests, of course,  that in an earlier 
moment  the  now-free vesicles  were  forming part 
of  a  single  unit,  i.e.  a  multivesicular  body.  In 
support  of  this  thought  it  is noted  that  in some 
instances  remnants  of  membranes  were  found 
partially  enveloping  groups  of  small  vesicles 
(Text-fig. 2). 
Besides  the  many  images  presumably showing 
gradual transformation of the  mvb's into different 
morphological types, there were found associations 
leading one to believe that  the clumps of vesicles 
identified  as  centrosphere  masses  originate  from 
the  accumulation  of  the  vesicles  freed  by  the 
disintegration  and  transformation  of  the  mvb's 
This interpretation is also  supported  by the  fact 
that both types of elements show the same staining 
properties.  The  masses  stained  in  thick  sections 
(0.5  /z)  and  studied  by  light  microscopy,  were 
afterwards  found  (in  the  electron  micrographs 
taken from thin sections) to be made up either of 
mvb's or vesicles  alone,  or both of them mixed in 
different amounts. 
The  formative  sequences  deduced  from  the 
images described in the preceding pages lead to the 
concept  that  multivesicular  bodies  are  self-re- 
producing units and that in maturity they liberate 
small vesicles which are characterized by the con- 
stancy of their size and their close association. 
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EXPLANATION OF PLATES 
PLATE 136 
FIG. 1. Low power micrograph of part of a full-grown oocyte and adjacent corona cells. These latter (co) are evi- 
dent in the upper and lower right hand corners. The egg is surrounded by a layer of homogeneous material consti- 
tuting the zona pellucida (zp).  This shows sections of pseudopodia-like processes (p)  extending from the corona 
cells toward the egg surface.  The egg surface appears rough and irregular at this magnification because of the pres- 
ence of numerous microvilli  (my)  extending outwards into the zona pellucida. The cytoplasm of the egg appears 
roughly divided into  two kinds--one rich in  mitochondria  (m)  and  a  miscellany  of  smaller  granular  bodies 
and the other relatively free of granules. The first, or mitochondria-rich  kind, is localized in the cortex and in irreg- 
ular masses around the nucleus (N)  at the left of the micrograph. Golgi elements (Ge) are evident in the cortical 
zone of the more granular cytoplasm. Certain granular bodies, distinct from mitochondria, are identified as multi- 
vesicular bodies (mvb) (see Fig. 10). X  4,000. THE  JOURNAL  OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE 136 
VOL. 5 
(Sotelo and Porter: Rat ovum) PLATE 137 
FIG.  2. This figure depicts, at low magnification, a  section through an ovulated egg shortly before conjugation 
of the male and female pronuclei. The first (or second) polar body (pb)  is shown at the right in a  space between 
the zona pellucida and the egg surface. A scattering of corona cells, now detached from the egg, can also be seen 
at the right (cc).  Microvilli from the egg and projections from the follicular cells are no longer present in the zona. 
The egg cytoplasm again  appears to be of two kinds, as in  Fig.  1,  but  here that  kind containing mitochondria 
(m)  is  distributed  in  discrete masses throughout  the  cytoplasm.  The  pronucleus  (N),  centrally  located  in  the 
image, shows 4 prominent nucleoli (n) of the 15 or 20 the pronuclei may contain at this time. X  2,300. 
FIG. 3. Another low power image of an ovulated egg, this one showing second maturation mitosis. The zona pellu- 
cida and  detached corona cells appear  as in the preceding figure. The surface of the egg is separated from the 
zona by a space containing elements of extruded cytoplasm. The continuity of the plasma membrane is interrupted 
in  places indicated  by  arrows.  The  mitochondria-assoclated cytoplasm is distributed irregularly  but  somewhat 
differently than in Figs.  1 and 2,  indicating a  constant redistribution of cytoplasmic elements. 
The chromosomes of the maturation division are indicated at ch and spindle elements at sp.  It is judged that 
the  division has  progressed to  anaphase.  X  2,000. THE  JOURNAL OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE 137 
¥OL. 5 
(Sotelo and Porter: Rat ovum) PLATE  138 
FIG. 4. Micrograph of cortex and zona pellucida of growing oocyte.  Portions of two follicular  (corona)  cells are 
shown at the top of the figure (cc).  Sections through projections from the corona cells are evident in the zona at 
p. The distal ends of a  few of these are depicted as they contact  the  egg  membrane;  one  is  shown at  the  arrow. 
Smaller projections  (microvilli)  extending from the egg surface into the zona can also be identified  (my). These, 
as opposed to the projections from the corona cells, are devoid of any cytoplasmic granules or larger  components. 
The cortex of the egg shows a  number of mitochondria (m), elements of the Golgi component (Ge), a  scattering 
of vesicles identified as units of the endoplasmic reticulum  (er),  and a  single membrane limited body filled with 
small vesicles (see Figs.  10 to  12)  to be called a  multivesicular body (mvb).  The matrix of the cytoplasm  (ground 
substance) contains numerous small dense particles and a  few minute vesicles.  X  18,000. 
Flo.  5.  Micrograph, at higher magnification, of cortex and zona pellucida of full grown oocyte. The gelatinous 
material of the zona appears essentially homogeneous. Projections of the corona cells are evident at various points 
in the zona as they are caught in the section. Profiles interpreted as segments of such a  pseudopodium are shown 
in four places at a  with the last segment in contact with the egg surface at b.  Microvilli (my)  are distributed un- 
evenly over the egg surface. Patches of low density in the zona are presumed to be artefacts.  X  20,000. THE  JOURNAL OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE 138 
VOL. 5 
(Sotelo and Porter: Rat ovum) PLATE  139 
FIG. 6. Micrograph showing thin section through portion of metaphase chromosome in second maturation mito 
sis. Numerous dense particles  (dp)  similar in size and density to those evident in the cytoplasm (and presumably 
RNP  particles)  are  scattered  throughout  the  mass  representing the  chromosome.  All  the  chromosomes found 
in this section and in other sections through this mitotic figure showed these same features. At the lower right a 
number of spindle  elements (sp)  are shown in transverse section.  X  39,000. 
FIG.  7. Image of small part of "wall" of a large nucleolus found in a full-grown oocyte. The surrounding nucleo- 
plasm  (N)  is represented in upper portion of picture,  the less dense core of the nucleolus is shown at  lower left 
(n). The nucleolar "wall"  (nw)  appears to be made up of closely packed dense granular  material with some evi- 
dence of radial organization provided by radially  oriented splits in the otherwise homogeneous "wall." Material, 
judged to lye derived from the nucleo]us (on the basis of density-granularity and continuity with the nuc]eo]ar wall) 
is  seen extending out  into  the  nucleoplasm as irregular wispy masses  (s).  X  21,000. THE  JOURNAL OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE 139 
VOL. 5 
(Sotelo and Porter: Rat ovum) PLATE  140 
Fro. 8. Micrograph at higher magnification of a  part  of the nucleus shown in egg depicted in Fig.  2. Section cut 
from ovulated egg before pronuclear conjugltion. Egg cytoplasm is shown at lower left; nucleoplasm (N) at  upper 
right.  Nucleoli are at  n.  The two  membranes of the nuclear envelope,  separated by the perinuclear space, are at 
rim. Islands of dense material  (s) within the homogeneous nucleoplasm are believed to represent material homolo- 
gous with  that of the numerous nucleoli present at  this time. The  "wall"  (nu,)  of the larger  of  the  two nucleoli 
pushes out of the nucleus but enough of the nuclear envelope can be discerned to  make us feel that it  is continuous 
around the surface of this nucleolus. X  21,000. THE  JOURNAL OF 
BIOPHYSICAL AND BIOCttEMICAL 
CYTOLOGY 
PLATE 140 
VOL. 5 
(Sotelo and Porter: Rat ovum) PLATE  141 
FiG.  9.  Micrograph showing fine structure of the Golgi component and associated structures as encountered in 
the cortex of a  fully grown oocyte.  The egg plasma membrane is shown across the upper  left  corner.  Numerous 
small dense particles (p), presumably RNP particles, are scattered about the field but excluded, to a  large extent, 
from the center of the Golgi complex.  Profiles of vesicles, regarded  as equivalent to elements of the endoplasmic 
reticulum, are designated by er.  A lipkle granule with irregular outline is shown at Ig. Lamellar (double-membrane) 
units, in parallel array  which characterize the  Golgi component,  are shown in  profile at various points in the field 
(G). The individual slender profiles tend to break  up into strings of vesicles at  their ends, which is descriptive of 
the fenestration of the flat vesicles the profiles represent.  The small, apparently spherical vesicles in between and 
around  the organized structures of the Golgi are normal associates of this cell  component.  X  35,000. 
FIG.  10.  Cortex of full grown oocyte showing isolated multivesicular bodies  (mvb).  The zona pellucida  (zp)  and 
egg surface are shown in  the upper  half of the image. Microvilli  (my)  are prominent as projections from the egg 
surface; the end of a  pseudopodium from a  corona cell is shown at  p. 
The feature of interest here are the three or more membrane-limited bodies containing numerous tiny vesicles 
(mvb). The one marked mvbl contains a  centrally located, dense group of vesicles ("nucleoid")  and a  suggestion of a 
similar central cluster is evident in mvb..,. The smaller body of this type at the bottom of the figure (mvb:~) is partly 
disrupted.  Mitochondria  are  indicated  at  m.  X  36,000. THE  JOURNAL  OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE 141 
VOL. 5 
(Sotelo and Porter: Rat ovum) PLATE 142 
FIG.  11. Micrograph of a  small region of the cortex of a  fertilized egg, removed  from the fallopian tube 11  hours 
after ovulation. The plasma membrane (pro)  of the egg crosses the upper  left corner of the picture.  Small, dense 
RNP  particles  are  scattered  freely  throughout  the ground  substance.  Larger  vesicles, identified  as  part  of  the 
ER are seen in profile at er. 
The major feature of the micrograph is the large number of multivesicular bodies  (mvb)  in various forms and 
associations. The majority are surrounded by numerous small vesicles not greatly different from those inside the 
multivesicular bodies and presumably derived from them. This latter interpretation is supported by the presence 
of images of multivesicular bodies with incomplete membranes and continuity between vesicles inside and outside, 
as at a.  Other images appear to represent intact mvb's,  as at b.  The clusters of vesicles associated with the mvb's 
are  reminiscent of  those encountered  in  the  centrosphere  region  of  other  cells.  Their  relation  to  the  groups of 
~arger vesicles, as in  the upper right of this figure, is in doubt.  X  40,000. THE  JOURNAL OF 
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FIO.  12. This micrograph shows a  group of multivesicular bodies and associated elements as found in a  recently 
fertilized egg (fixed 10 hours after ovulation). The group was part of the stainable (pink with crystal violet) material 
located midway between the nucleus and the egg cortex. The various forms displayed by the multivesicular bodies 
are interpreted as representing different stages in their development and transformation. Some show a well defined 
and continuous limiting membrane, as at a, and are taken to be equatorial sections. 
In other images the membrane is less distinctly shown but the contents (minute vesicles) are dearly confined as 
at b; these probably represent images of more nearly tangential sections in which the membrane is cut obliquely. 
In still other instances the membrane is obviously not continuous and the vesicles are apparently blending with 
the surrounding cytoplasm (c).  To what extent this latter image is artificial cannot be determined, but the mor- 
phology depicted is logical for a  sequence of transformation leading to the complete liberation of the vesicles, as 
presumably at d.  Regardless of the true  relationship between the multivesicular bodies and the masses of small 
vesicles surrounding them, it  is obvious that  the latter are similar in morphology and size to the vesicles within 
the membranes. 
It is apparent that some of the multivesicular bodies contain, besides numerous minute vesicles, a central spheri- 
cal unit of greater density (e),  a  nucleoid which itself is seen in a  few cases to be a  condensation of even smaller 
vesicles (el).  This is not readily illustrated. 
The elliptical  outline of the multivesicular bodies results from the compression of sectioning.  X  41,000. THE  JOURNAL OF 
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FIG.  13. Micrograph of portion of cortex  of a  fertilized ovum, showing a  mass of small vesicles (cv) characteris- 
tically encountered in this region post ovulation. 
For orientation purposes a  line has been drawn around a  similar mass in Fig.  3. 
Such  condensations  of  vesicular  elements  have  staining properties  identical  with  the  cytoplasm  containing 
multivesicular bodies, as in Fig.  12. They have obvious similarities with the condensation of vesicles in the centro- 
sphere region of other cells  (Fig.  16).  The zona pellucida of the ovum is shown at  zp,  the plasma membrane at 
pro,  mitochondrion at m, and a  disrupted multivesicular body at mvb.  X  22,000. 
FIG.  14.  Cortex of fertilized  egg. The figure was selected to illustrate  the discontinuity of the egg membrane, 
and the accompanying extrusion of cytoplasmic components which appears shortly after ovulation. This phenome- 
non, a  process of cytoplasm lysis, occurs quite generally over the surface of the egg and  results in a  loss of sub- 
stantial quantities of cortical cytoplasm (see Fig. 2), There seems to he neither uniformity in the size of the open- 
ings in the membrane, nor order in their distribution.  In  this image the limits of the  "breaks"  are indicated  by 
arrows. 
The zona pellucida,  free of microvilli and follicle cell protrusions, as is usual for ovulated eggs, is indicated  at 
zp; a  mass of centrosomal vesicles at cv, and a  disrupted multivesicular body at mvb.  X  30,000. THE  JOURNAL OF 
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FIG.  15. Micrograph depicting a small part of the nucleus and perinuclear cytoplasm of one blastomere of the 2- 
cell stage. The nucleus, shown at N,  is limited by two membranes and the intervening perinuc]ear space, making 
up the nuclear envelope (urn). The outer of the two membranes moves away from the inner at certain points pos- 
sibly adjacent to frank continuities with the endoplasmic reticulum (er). Profiles of vesicles and tubules constitut- 
ing this component of the cytoplasm are much more obvious in the blastomeres than in the unfertilized and unseg- 
mented ovum.  A  multivesicular body is indicated at  mvb.  X  23,000. 
FIG.  16. This figure depicts the centrosphere region of a  free (post ovulation) corona cell. The nucleus with its 
envelope is shown at N. The mid portion of the figure is occupied by a large number of small centrosomal vesicles 
(cv). More or less peripheral to these are images of sections through the Golgi component (Ge). Still further peripher- 
ally are profiles of vesicles and tubules arbitrarily identified as representing elements of the endoplasmic reticulum 
(er). The ground substance in this latter region is rich in small dense particles, probably identified with the RNP 
particles of other cell types. A multivesicular body is shown at mvb and enlarged to show further detail in the small 
picture (Fig.  16 a) at the upper Ieft. X  23,000. THE  JOURNAL OF 
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